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Abstract — The application of forensic science techniques to elec-
trical equipment failure investigation has not been widely
documented in the engineering world. This paper isintended to
share an example of using material characterization techniques
to support an initial cause determination of an electrical com-
ponent “failure” event. The resulting conclusion supported the
initial cause determination and ruled out the possibility of de-
sign deficiencies. Thus, the qualification testing of the equip-
ment was allowed to continue to successful completion.

Index Terms — Forensics, seismic qualification, material charac-
terization, scanning electron microscope, SEM, uninterruptible
power supply, UPS.

I.  INTRODUCTION

Electrical equipment often needs to be seismically tested
and qualified in order to be placed into nuclear service.
Typically, the methods used are outlined in IEEE Std. 344
[1]. Occasiondly, the equipment fails the testing not re-
maining functional, forcing another selection of equipment to
be made, which causes project delays, cost overruns and nu-
merous other maladies.

The uninterruptible power supply (UPS) for the project
was procured as a commercial unit without history of seismic
testing or quaification. The intent of this testing was to
seismically test the suitability of the unit by the use of a tri-
axial shake table which would actually impose movement of
the type and magnitude of a scaled design basis earthquake
(DBE). The unit being tested had been run through several
successful 30 second shake table tests with no problems or
lack of performance. What ensued at the time of beginning
another 30 second test could possibly threaten the seismic
qualification and have a negative impact on the project
schedule and cost.

Il.  THEEVENT

The UPS unit was alowed to warm up to stabilize the
temperature measurements and it was functionally tested
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according to the manufacturer’s factory test plan prior to any
seismic testing. These tests were successfully completed, so
the unit was ready for the seismic testing to begin. Three
single axis sine sweep tests @ 0.2g (gravitational force) were
performed and data was recorded. The UPS was not powered
up at the time.

The UPS unit was again powered up and allowed to stabi-
lize for an hour before running any tests. The shake table
(earthquake) tests were started to demonstrate the capability
of the unit to withstand a typical earthquake. Two Opera-
tional Basis Earthquake (OBE) Tests at 50% Required Re-
sponse Spectra (RRS) and one test at 110% of RRS were
successfully completed [1]. Shortly after beginning a second
110% test, a "Blue Flash" was observed, and the test was
immediately suspended. All power to the unit was discon-
nected and the equipment was verified safe for visua in-
spection. At this point, the initial investigation into the cause
of the flash was begun.

Il INITIAL CAUSE SPECULATION

The first order of business was to determine the cause of
the arcing flash, which occurred while preparing to run an
additional seismic test on the UPS. A capacitor in the UPS
discharged to ground (flashed) and the unit shut down auto-
matically, minimizing damage to the unit. A potential set-
back to the testing and project schedule loomed, if there was
a significant design deficiency, requiring another supplier
selection and the whole qualification process again on differ-
ent equipment. A visua inspection with photographs was
performed on the UPS unit to document the effects of the
flash.

We inspected the equipment for any loose structural con-
nections and none were found. We aso summoned a repre-
sentative from the manufacturer to review the unit and also
repair or replace any damaged components. The manufac-
turer’s technician disassembled the inverter unit to ascertain



which components may have been damaged. It was pro-
posed that some small piece of debris fell into the terminal
area of the capacitor causing it to discharge.

IV. INITIAL INVESTIGATION

Though initia indications pointed to a capacitor failure, no
evidence of electrica failure or any mechanical damage to
any of the four large capacitors in the assembly could be
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found. The termina screw and the bus bar assembly at the
location shown in Fig. 1 were burnt with metal melting
where the capacitor had discharged. There were no other
obvious indications of damage at any other location. Due to
the narrow confines of the damage, it was proposed that
some small piece of debris fell into the terminal area of the
capacitor causing it to discharge. Due to the intense heat, no
loose remains of the item of debris could be found. No loose
or missing fasteners were observed upon inspection of them.

~ =N Area of fault
and intense

heat

Fig. 1 Initia view of arc flash area

Additional photographs were taken and the old inverter
unit was disassembled to its component parts for further in-
vestigation (Fig. 2 - 4).

V. MATERIAL CHARACTERIZATION

At this time it was determined that in order to support or
refute the proposed cause of falling debris, a materia char-
acterization study would be performed by a laboratory spe-
cializing in that activity. This study would show that if for-
eign debris were actually responsible for the flash, materia
of a different composition than the inverter assembly bus or
connection would be present in the fault area. The Materials
Laboratory of the University of Cincinnati’s Materials Sci-

ence and Engineering Department was selected to perform
the material characterization study.

Procurement arrangements were made with the University
to conduct the necessary testing using a scanning electron
microscope (SEM). Due to the size limitations of the SEM
used for this study, a small section of the inverter bus assem-
bly needed to be cut out for testing purposes. A sample of
the charred bus, a “clean” section of bus, the screw terminal
that was part of the flash, a*“clean” terminal screw, and sam-
ples of the insulating paper were bagged for transport to the
laboratory.
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Fig. 2, Unit removed from cabinet
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Fig. 3, Disassembled capacitor plate
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Fig. 4, Fault area uncovered

The samples were taken to the University of Cincinnati
laboratory and the search for the “foreign” material began

(Fig. 5).

The University of Cincinnati laboratory technician ran
severa tests on samples of bus, insulation paper, and screws
to determine if any foreign material residues were present.
We were looking for anything that might indicate that the
fault was caused by a piece of debris, which was shaken
down into the terminal location. It was found that material
deposited on the screw head involved in the flash was
something other than the screw material and different than
any bus material present. The material had been “welded”
by the DC arc and a puddle was left attached to the screw
head in the slot area. Fig. 6 shows a simulated reconstruction
of the screw and bus assembly, as it would have been at the
time of the arc.

Fig. 7 shows the scanning electron microscopy photo of
the screw head involved in the flash. The materia in the
“pool” was characterized as an iron with some trace of man-
ganese, but differed from the chromium/zinc/sted of the
screw itself. Fig. 8 and Fig. 9 indicate the differences of the
two materials.

The principal of a scanning electron microscope functions
by scanning afinely focused beam of electrons onto a sample

from which measurable electron energies can be produced.
These energies are analyzed by a microprocessor that creates
a spectrum of the unique elements that exist in the sample
analyzed. It isthis series of electrons, which are deflected by
collisions with the samples electrons, that indicates the mo-
lecular make up of the material [2]. Fig. 8 and Fig. 9 are
examples of these spectra and formed the basis of our con-
clusion that the arc flash was caused by “foreign” material
and not an equipment design deficiency.

VI. CONCLUSION

Based on the results presented, it is conclusive that some
metallic debris was dislodged during seismic testing and fell
into the capacitor terminal area causing the capacitor to dis-
charge. The evidence of arcing and “welding” of a material
foreign to the screw and bus material supports the initial pro-
posed scenario. It was not intended to expend the resources
that would be required to determine the exact source of the
debris, but to simply determine that it was external to the bus
assembly and termination point.

By the material characterization performed, it was demon-
strated that a material foreign to either the bus assembly or
the screw connection for the capacitor was responsible for
the arcing flash. This determination provided the project



with the assurance that the equipment design was adequate
and that a search for another equipment source was not nec-
essary. By ruling out any equipment design problems, the
seismic testing and qualification of the UPS unit could con-
tinue and the project schedule could be maintained. All
testing was completed with satisfactory results and the unit
was installed without incident.
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As an interim measure, we determined that a remote pos-
sibility existed that some other “foreign” materia could
make its way into the capacitor/plate connection area and
fashioned a insulating cover from the same material used in
the fabrication of the plate assembly. This“fix” worked well
as there were no additional mishaps or setbacks to the testing
program.

Hitachi S-4000 Field Emission SEM at
University of Cincinnati Materials Science
and Engineering Laboratory

Fig. 5, Scanning electron microscope at University of Cincinnati
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“Welded” material
deposited on
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Fig. 6, Reconstructed view of screw head and plate assembly
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Fig. 7, Scanning Electron Microscope photo of screw head

Caunka {EM 412001 11:29)

T — =T ey
[t 8

"‘;i “Weld” deposit M
h'fi on screw head

8

Gu |

ER I [ ]]

Cu g | |

1000—] ! R
| r;u:-"h'n. ﬂ:-rj L T T
T fy et 1 e gy, B [
L i A b
o, ,_.,s.-'\._._._#. e Mo _.z"l 5

| Pt g, 1 g L Ni
1] IILJ“*“-»-F.\-,.E'.J M0 gy 2n
- P

o e [ MR e v T ] o NS St P e e i P P LS o N o R S [Tl LA P e i [ 2o o o T e b e e
4

5 ]

Enargy (ke

Fig. 8, SEM printout of screw head with “foreign” material
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Fig. 9, SEM printout of standard screw head
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